Purpose: Previous evidence suggests that cohesive referencing errors made during narratives may be a behavior that is revealing of underlying central nervous system abnormality in children with fetal alcohol spectrum disorders (FASD). The current research extends this evidence. Method: Retrospective analysis of narrative and clinical data from 152 children (ages 6 to 14), 72 of whom had confirmed FASD, was used. Narrative analysis was conducted blind to diagnostic status, age, or gender. Group performance was compared. The associations between measures of cohesive referencing and clinically gathered indices of the degree of central nervous system abnormality were examined.
Results: Results show clear associations between elevated rates of cohesive referencing errors and central nervous system abnormality. Elevated error rates were more common in children with FASD than those without, and prevalence increased predictably across groups with more severe central nervous system abnormality. Risk is particularly elevated for those with microcephaly or a diagnosis of fetal alcohol syndrome. Conclusion: Cohesive referencing errors during narrative are a viable behavioral marker of the kinds of central nervous system abnormality associated with prenatal alcohol exposure, having significant potential to become a valuable diagnostic and research tool.
I n the field of speech-language pathology, sampling and analysis of extended discourse has long been touted as a clinical tool with the potential to provide "important keys to understanding the communication needs of older language-disordered children" because "larger linguistic units have their own structured rules and guiding principles" (Johnston, 1982, p. 144) . Because successful production of extended discourse requires the integration of a large number of linguistic and other cognitive skills, it provides the opportunity to explore the nature of and integrity of these cognitive systems. This gives discourse-level tasks the potential for revealing not only language impairment (Gillam & Pearson, 2004; Heilman, Miller, Nockerts, & Dunaway, 2010; Schneider & Hayward, 2010) but also impairment of the central nervous system (CNS) more generally.
The ability to leverage language-based tasks to explore the integrity of neurobehavioral systems makes speech-language pathologists important members of interdisciplinary teams involved in making diagnostic decisions for a range of neurodevelopmental and neurocognitive disorders. The development of valid discourse-level tasks for this purpose has the potential to increase the range and type of information that speech-language pathologists can bring to the table in these contexts. The challenge, of course, is to identify which aspects of an extended discourse task are vulnerable to which kinds of CNS impairment from the myriad choices available in an analysis of discourse behavior. Finding the answer to this question has important clinical and research implications-making it worth the effort. For clinicians, knowing which aspects of discourse are most vulnerable to underlying CNS abnormality can inform clinical decision making and improve the efficiency of diagnostic assessment practices; for researchers, this same information has important scientific value, potentially facilitating understanding of the complex connections between various underlying CNS impairments and observable communicative behaviors.
Our recent research has focused on cohesive referencing behaviors in the narrative discourse of school-aged children with CNS abnormality associated with prenatal alcohol exposure (i.e., children with fetal alcohol spectrum disorders [FASD] ). It has been estimated that FASD affects at least 1% and perhaps as many as 4% or more of children (see e.g., May et al., 2014; Sampson et al., 1997) , with prevalence estimates depending heavily on geography and quality of diagnosis (Roozen et al., 2016) . Even using the lower prevalence estimates, this makes individuals with FASD a population that will be encountered by most clinicians.
The impact of prenatal alcohol exposure on any individual depends on the timing and dosage of teratogenic exposure (Astley, 2013) . As a result, the CNS impairment that results from prenatal alcohol exposure is highly variable, and a wide range of diagnoses are associated with that exposure including attention-deficit/hyperactivity disorder, language disorder, intellectual disability, sensory processing difficulties, memory impairment, and motor impairment (Astley, 2010b; Popova et al., 2016) . Because these associated diagnoses are not specific to prenatal alcohol exposure, this population is well suited to serve as a proxy for the population with CNS abnormality more generally, with the advantage that these individuals have a confirmed risk factor that may explain in whole or in part why they have CNS abnormalities.
By investigating a narrow set of discourse-level behaviors in this heterogeneous population with verifiable CNS abnormalities, we have been able to provide preliminary evidence that cohesive referencing errors provide a useful and reliable clinical signal of underlying CNS abnormality, a signal that is identifiable even when children fail to screen positive for language disorder in clinical assessment (Thorne & Coggins, 2008a , 2008b ; see also Coggins, Timler, & Olswang, 2007) . It is important that this signal is identifiable in this population despite the wide variety of CNS abnormalities present across FASD. This suggests that this aspect of narrative discourse may be particularly sensitive to the types of CNS impairment caused by prenatal alcohol exposure, increasing the utility of this particular behavioral signal for use with this important clinical population. It is possible, of course, that this behavioral signal may instead be sensitive to the presence of CNS abnormalities more broadly, suggesting that it may have potential utility for use with other clinical populations with CNS abnormalities in the absence of prenatal alcohol exposure. If that is the case, confirming its utility for use with suspected FASD is a logical first step in validating it for broader use because there is no guarantee that its utility will transfer to populations without prenatal alcohol exposure.
The current research extends our previous work through retrospective analysis of two large existing samples of children: a sample of children with prenatal alcohol exposure and previously identified CNS abnormality and a control sample of children without concerns related to neurocognitive development. To set the stage for this study, we will first provide a succinct description of FASD, followed by a discussion of the methodology used for quantifying the spectrum of disabilities present among children with prenatal alcohol exposure. We conclude with a summary of the research leading up to the current work.
Fetal Alcohol Spectrum Disorders
Fetal alcohol syndrome (FAS) is the most readily recognized phenotype of the FASD. FAS is a permanent birth defect syndrome resulting from prenatal alcohol exposure that is characterized by growth deficiency, a unique cluster of three minor facial anomalies (i.e., flat philtrum, thin upper lip, and small eyes), and evidence of CNS abnormalities (see e.g., Bertrand, Floyd, & Weber, 2005) . Disorders on the fetal alcohol spectrum that lack the facial features of FAS are more prevalent than FAS but share a similar range and severity of impairments Sampson, Streissguth, Bookstein, & Barr, 2000; Streissguth et al., 2004) . As already mentioned, CNS abnormalities that have been associated with FASD occur across a wide range of functional domains and brain structures (Astley, 2013; Donald et al., 2015) . It is the presence of any CNS abnormality across this range in the context of confirmed prenatal alcohol exposure that defines the fetal alcohol spectrum and determines the specific FASD diagnosis that applies to an individual.
Characterizing the range of impairment associated with FASD has proved to be a challenging enterprise, and a number of diagnostic approaches have emerged (e.g., Bertrand et al., 2005; Chudley et al., 2005; Cook et al., 2016; Hoyme et al., 2005) . The challenges come primarily from the heterogeneous nature of the physical and neurological impairments associated with prenatal alcohol exposure. Whereas the facial features associated with FAS are highly specific to alcohol exposure (Astley, 2013) , most children with prenatal alcohol exposure will not manifest the distinct cluster of features needed to receive a diagnosis of FAS. In addition, as of yet, no clear profile of CNS impairment has emerged that is both specific to and sensitive to prenatal alcohol exposure, with most research suggesting that the population presents a range of cognitive and behavioral profiles that overlaps with other neurodevelopmental disorders (see e.g., Kodituwakku & Kodituwakku, 2014; also Bakoyiannis et al., 2014; Popova et al., 2016) .
The most widely used diagnostic system for FASD, the 4-Digit Code , is a well-validated (Astley, 2013) case-defined diagnostic approach that uses Likert rank scales to report outcomes for the full spectrum of disabilities associated with prenatal alcohol exposure. It includes scales for the domains of growth deficiency (i.e., growth rank), facial features associated with FAS (i.e., face rank), CNS abnormality (i.e., CNS rank), and prenatal alcohol exposure (i.e., prenatal alcohol exposure rank). The scale for each of these domains ranges from a rank of 1, indicating typical/unremarkable presentation of the feature, to a rank of 4, indicating a significant presentation consistent with FAS.
The CNS rank is a nested ranking with a rank of 4 indicating direct structural or neurological evidence of significant CNS abnormality (e.g., microcephaly, seizures), whereas Ranks 1 through 3 indicate increasingly severe functional impairment. Significant functional impairment is defined in the system as performance equivalent to 2 SDs from the mean on a standardized, norm-referenced task. A CNS rank of 3 requires significant functional impairment in at least three domains of neurocognitive functioning. A CNS rank of 3 or 4 is required for an FAS diagnosis and is described as "static encephalopathy," whereas a CNS rank of 2 is described as "neurobehavioral disorder" and indicates mild to moderate CNS abnormality. In the 4-Digit Code, the four domain-specific Likert ranks are combined from left to right in the order of growth, face, CNS, and prenatal alcohol exposure to assign an individual the appropriate FASD diagnosis. The 4-Digit Code renders 22 possible diagnoses, eight of which fall under the umbrella of FASD, with FAS representing the most severe presentation. Having a more severe CNS rank or a more severe FASD diagnosis under the 4-Digit Code are both associated with more severe underlying CNS abnormality (Astley, 2013) , making the system ideal for quantifying and comparing the degree of CNS abnormality across this clinical population.
Previous Research on FASD and Cohesive Referencing Coggins et al. (2007) found a minority of older school-aged children with FASD to have markedly deficient performance on traditional standardized language testing, whereas significant majorities failed to produce age-appropriate narrative discourse during a common clinical task: structured narrative generation on the basis of the wordless picture book, Frog, Where Are You? (Mayer, 1969) . This finding reinforced the notion that narrative discourse provides a meaningful alternative by which to examine the communicative processes of schoolage children with FASD and that narrative performance may indeed be sensitive to the type of CNS abnormalities commonly reported in these children.
To better understand what narrative components might be at the root of these findings, Thorne, Coggins, Carmichael Olson, and Astley (2007) examined the diagnostic utility of a variety of linguistic markers and cohesive elements in the narratives of a sample of 32 school-age children, 16 with FASD. Results indicated that errors in referential cohesion (i.e., failure to use an unambiguous term to refer to or introduce a concept) provided the most diagnostically salient signal of CNS abnormality in this population. In the study, most of the narratives were properly attributed to storytellers either with or without FASD on the sole basis of the rate at which they made cohesive referencing errors using a global metric of this aspect of discourse (81.25% overall accuracy; area under the receiver operating curve [AUC] of .86, 95% CI [0.74, 0.99] ). This motivated further research into referential cohesion in this population.
Identifying Referencing Errors
Measuring cohesive referencing can be approached in a variety of ways (see e.g., Heilman et al., 2010; Liles, 1993; Schneider & Hayward, 2010; Strong, 1998) . Our approach (Thorne, 2006) , Tallying Reference Errors in Narratives (TREIN), focuses on a child's ability to establish and manage a common ground of story elements using referential terms.
Building on theoretical work by Halliday and Hasan (1976) , Van Hoek (1997) , and Ariel (1994 Ariel ( , 2004 ; see also Ariel, 2009) , our methodological approach categorizes the nominal phrases (i.e., noun phrase or pronoun) in a narrative into one of nine categories: five categories for use of appropriate/cohesive reference strategies; and four categories for "reference errors" (two for pronouns and two for noun phrases). In the system, a nominal phrase is considered to lack referential cohesion when it fails to unambiguously refer to available referents in the narrative or when it fails to appropriately mark the information status ("new" or "known") of referents when concepts are being introduced into the narrative. See Appendix A for more information related to the TREIN and Table A1 for the specific coding scheme used in the TREIN.
Our previous work (Thorne & Coggins, 2008a , 2008b found that a specific metric, the rate of nominal reference errors (rNRE), could accurately predict which storytellers in small groups of school-age children were children with FASD and which were not (overall accuracy 88%, AUC of . 90, 95% CI [0.73, 0.97]) . It is important to note that half of the children with an FASD in the sample performed in the average range on a standardized language test (Wiig & Secord, 1989 ) that required a sentence-level response; the standardized language test would not have revealed CNS abnormality in these children.
Aims of the Current Study
These promising findings motivated further research with a larger group of children. The current research addressed two primary research aims. Our first research aim was to corroborate findings from previous work with the TREIN (Thorne & Coggins, 2008a , 2008b by examining the cohesive referencing of children with CNS abnormality associated with prenatal alcohol exposure (i.e., FASD) and comparing them with children without concerns related to neurocognitive development. Two specific hypotheses were tested to further this aim.
Hypothesis 1: Children with CNS abnormality associated with FASD will exhibit more cohesive reference errors than children without concerns related to neurocognitive development.
Hypothesis 2: The proportion of children in the FASD group who generate a narrative with a rNRE in the clinically impaired range will be equivalent to or greater than 50%.
All children with FASD, by definition, have CNS abnormality to one degree or another. If any of these CNS abnormalities are associated with reduced capacities for cohesive referencing, one would expect that the FASD group would make more cohesive referencing errors on average than their peers without impairment. Our previous research suggested this, and we found the largest difference in nominal reference errors (NRE). On the basis of these previous findings, we predicted a proportion of children with FASD equivalent to or greater than 50% would have an rNRE that was 2 SDs above the mean of their peers without identified CNS impairment.
Our second research aim was to extend our previous research by examining the association between elevated rNRE and the severity of CNS abnormality in children with FASD. Two hypotheses were tested to examine this association.
Hypothesis 3: As severity of 4-Digit Code CNS rank increases from Rank 1 (no concern for CNS abnormality) to Rank 4 (definite CNS abnormality), the proportion of children having an elevated rNRE will increase for each rank.
Hypothesis 4: As severity of FASD diagnosis increases from no-FASD to FAS, the proportion of children exhibiting significantly impaired cohesive referencing on the basis of rNRE will increase.
The 4-Digit Code is designed to capture increasing manifestation of impairment associated with prenatal alcohol exposure. If cohesive referencing provides a salient signal of underlying CNS abnormality associated with prenatal alcohol exposure, we would predict that increasingly severe impacts from prenatal alcohol exposure would come with increased risk of significantly impaired cohesive referencing. We therefore examined the association between significantly elevated rNRE and two specific proxies for severity of CNS impairment derived from the 4-Digit Code: (a) CNS rank, which reflects degree of CNS impairment on the basis of an interdisciplinary clinical assessment of CNS structure and function; and (b) severity of FASD diagnosis, which depends on the CNS rank as well as the degree of impairment of other body structures (e.g., FAS facial morphology). Although these two proxies will be highly correlated, as a group, those with FAS facial morphology have a different pattern of CNS abnormality than that found in children with FASD who lack those facial features, including increased prevalence of frontal lobe hypoplasia, reduced choline levels, and increased overall severity of CNS abnormality (Astley, 2013) . These differences cannot be captured by use of the CNS rank alone; therefore, both proxies were examined.
Method

Study Participants
Participants included 152 school-aged children who ranged in age from 6;0 (years;months) to 14;0: a clinical sample of 72 children with CNS abnormalities previously diagnosed during assessments for suspected FAS-the FASD group; and a control group of 80 children with no indication of frank CNS abnormality suggested by a schoolbased screening-the CG participants. The evidence presented in this study was taken from existing clinical and research databases gathered from the years 1995 through 2010.
FASD Group
The FASD group (n = 72) is a subset of patients evaluated for suspected FASD by an interdisciplinary team using the FASD 4-Digit Code at the University of Washington Fetal Alcohol Syndrome Diagnostic & Prevention Network (FASDPN). To be included in the FASD group, children had to have participated in a narrative assessment during an FASDPN evaluation. There needed to be an audio recording of the narrative assessment available, and their legal guardian had to have provided written consent to use the clinical diagnostic data for research purposes. Only children with normal hearing between ages 6;0 and 14;0 at time of narrative assessment and who had English as the primary home language were included. All children had confirmed alcohol exposure and/or the unique cluster of minor facial anomalies of FAS. Seventy-two children met the inclusion criteria. One had the full face of FAS without independently confirmed alcohol exposure (i.e., smooth philtrum, thin upper lip, and small eyes: 4-Digit Code 3422; see Appendix B). Given that the face of FAS is considered a reliable and valid proxy for alcohol exposure (see Astley, 2013) , this participant was included in our analysis. A clinical appraisal of language performance completed at the time of the initial assessment by the clinical team (which included a certified speech-language pathologist) indicated language impairment in 44 of these 72 children (61%), with 21 rated as having mild to moderate language impairment (i.e., equivalent to between 1 and 2 SDs from the mean on a standardized test) and 23 rated as having significant impairment (i.e., equivalent to 2 or more SDs from the mean on a standardized test).
Control Group
The CG (n = 80) comprised a broad sample of children recruited from public schools in the greater metropolitan Seattle area. These schools had median family incomes and sociodemographic characteristics that were similar across school districts and representative of the area from which our clinical FASD sample was taken. No intelligence or standardized language measures were generated for control participants, and prenatal alcohol exposure was not directly assessed. However, experienced school psychologists familiar with these children and knowledgeable about FASD screened the respective school records for classroom performance and general behavior. On the basis of these reviews, each child was (a) considered at low risk of having an undiagnosed FASD and (b) deemed to be following a developmental course representative of the general population due to unremarkable social behavior and satisfactory, yet unexceptional, school achievement.
This screening protocol provided converging ecological evidence of generally appropriate development in relevant areas including oral language ability. This selection process mirrored standard practice for identification of language impairment and neurodevelopmental disability in schoolaged populations, whereby only those children with identified concerns receive an in-depth assessment of abilities; the absence of such concerns serving as a proxy for typical and functionally appropriate skill development.
To be included, each CG participant participated in a narrative assessment conducted through the University of Washington and was between 6 and 14 years of age. The children had English as their primary home language and no concerns with respect to hearing sensitivity. Eighty control participants were identified.
Group Matching on Demographic Variables
Although the CG participants had a wider range of ages and were slightly older on average, a Welch test revealed no significant difference in the age distribution across groups: CG mean = 10.2 years, range = 7;2 to 14;5; FASD mean = 9.7 years, range = 6;4 to 12;8; difference in means 0.5 years, test statistic t(d ) = −1.601, two-tailed probability p = .112. Similarly, Fisher's exact test of proportions indicated no significant difference in the gender distribution between groups (CG: 46 boys, 34 girls; FASD: 34 boys, 36 girls, two unknown; Fisher's exact test: p = .326). The control group used here was gathered from public schools in the community with median family incomes and sociodemographic characteristics similar across school districts and representative of the area (Coggins, 1995) . As is true of any clinically referred group, the clinical population from which the FASD group was pulled differs from the general population in terms of income and other demographic variables (see Astley, 2010b) . However, because specific details of race, income, and other socioeconomic variables were unavailable for members of the CG group, no direct between-groups comparison on these variables was conducted.
Narrative Data
Narratives were collected as part of clinical assessments at the FASDPN or as part of research at the University of Washington Child Language Lab between the years 1995 and 2010. Each FASD and CG participant had an audio recording of a story elicited with the wordless picture book, Frog, Where Are You (Mayer, 1969) . Stories were told to a naïve listener. Specifically, the children were given the storybook to review, so they could become familiar with the story. After the children previewed the storybook, the listener/ examiner asked the participants to tell "the best story possible" while using the picture book as a visual prompt. The listeners/examiners were always seated so as to make it clear that they were unable to see the storybook pictures. The elicitation protocol is detailed in Appendix C.
Each narrative was audio-recorded. Although approximately a third of the narratives included in our sample had been previously examined (Grittner, Coggins, Thorne, & Olswang, 2009) , new transcripts for all narratives were prepared for the current study from the source audio using a systematic transcription process designed to ensure the fidelity and uniformity of the transcripts. Two groups of trained transcribers independently transcribed all narratives from audio sources. The research team, including these transcribers, two additional trained research assistants, and the second author, identified differences between the two sets of independent transcripts and came to agreement as to how these differences should be resolved on the basis of additional review of the audiotapes. All subsequent analyses were conducted on these consensus transcripts.
The consensus transcriptions were segmented, coded, and formatted according to conventions from Systematic Analysis of Language Transcripts (Miller, 2004) . In addition, 20% of transcripts were randomly selected, segmented, coded, and formatted independently by another trained coder. Interrater reliability between these coders was 90% or greater for all segmentation, formatting, and coding decisions. A licensed speech-language pathologist (the first author) who was blind to age, gender, and diagnostic status of each storyteller analyzed narrative transcripts utilizing the TREIN protocol.
The primary outcome measures generated by a TREIN analysis are
1.
Nominal Each of the rates defined above is converted to a percentage for reporting.
TREIN coding reliability was established through independent coding of 20% of the corpus by a trained research assistant also blind to age, gender, and diagnostic status of each storyteller. Point-by-point interrater comparison across 8,085 words and 2,409 assigned TREIN codes found agreement on 2,276 coding decisions (95% overall point-by-point agreement; range across 30 transcripts = 100% to 88%; median = 96%; mode = 98%). For the one transcript with agreement falling below 90% agreement (eight disagreements across 69 coding decisions), seven of eight disagreements involved coding of the pronouns he/him when the boy and the dog in the story were involved in joint actions. Across the 30 transcripts, pronoun coding accounted for nearly two thirds of 133 disagreements, with only 45 involving noun phrases.
Analysis
Hypothesis 1: Children with CNS abnormality associated with FASD will exhibit more reference errors than children without these impairments.
Design. All 152 children were included in this analysis. Primary analysis. For each of the six TREIN error rates detailed above, a t test for independent groups (CG vs. FASD) was completed (Welch test for unequal variance; two-tailed p < .05). A Bonferroni correction for multiple comparisons was used, and alpha was set at .007. AUC was used as an effect-size metric; it scales the ability of a measure to predict group membership, with a value greater than .70 considered important. Although an AUC at this level would not necessarily be sufficient to guarantee clinical utility for a tool that was used in isolation to diagnosis the presence of an FASD, any single measure with an AUC of this magnitude would be predicted to contribute meaningfully to overall diagnostic utility when combined with other measures, as would always be the case in the diagnosis of a complex spectrum of disorders such as that found with FASD.
Supplementary analyses. Performance was compared by gender using a Welch test for unequal variance, with two-tailed p < .05. Correlation of each measure to age was examined using Pearson's r ( p < .05).
Hypothesis 2:
The proportion of children in the FASD group who generate a narrative with a rNRE in the clinically impaired range will be equivalent to or greater than 50%.
Design. All 152 children were included in this analysis. The clinically impaired range was defined as performance greater than 2 SDs above the mean of the control group for the rate of NRE.
Primary analysis. A simple comparison of proportion was made to determine whether the number of children in the FASD group exceeded 50%, with a one-sample test of proportions (two-tailed α = .05) to determine equivalency between the observed proportion of children in the defined impairment range for rNRE and a prediction of 50% for any value falling below 50%. This was done for both rNRE (which controls for length using number of total words) and rNREopp (which controls for length using number of referential opportunities).
Supplementary analysis. Language impairment status of those falling within and outside of the clinically impaired range supplied additional descriptive information related to the clinical utility of both rNRE and rNREopp.
Hypothesis 3: As severity of the 4-Digit Code CNS rank increases from Rank 1 (no concern for CNS abnormality) to Rank 4 (definite CNS abnormality), the proportion of children who generate a narrative with a rNRE in the clinically impaired range will increase for each rank.
Design. All 152 children were included in this analysis. Children from the control group were given a default CNS Rank 1 indicating no concern for CNS impairment, whereas FASD cases ranged from CNS Rank 2 to 4. All children with a CNS Rank 4 received that rank due to microcephaly (i.e., an occipital frontal circumference more than 2 SDs below the mean for age). The clinically impaired range was defined as performance greater than 2 SDs above the mean of the control group for rNRE.
Analysis. Along with visual inspection of the distribution of children with impairment versus those without across categories, a chi-square test for trend (with a twotailed p value of .05) was used to compare the proportion of children having an elevated rNRE (+2 SDs above control group mean) for each categorical rank. Given the high correlation between rNRE and rNREopp (.99, p < .0001), this analysis was not carried out with rNREopp.
Hypothesis 4. As severity of diagnosis increases from no-FASD to neurobehavioral disorder to static encephalopathy to FAS, the proportion of children who generate a narrative with a rNRE in the clinically impaired range will increase.
Design. This analysis examined the association between the rNRE and severity of diagnosis, taking advantage of the gradation in severity of diagnosis available across our sample, including both the CG and the FASD groups. Four categories were defined: No concern for alcohol-related CNS abnormality, neurobehavioral disorder, static encephalopathy, and FAS (following Astley et al., 2009 ). The clinically impaired range was defined as performance greater than 2 SDs above the mean of the control group for rNRE.
Analysis. Along with visual inspection of the distribution of children with impairment versus those without across categories, a chi-square test for trend (with a twotailed p value of .05) was used to compare the proportion of children performing in the impaired range for each categorical rank. Given the high correlation between rNRE and rNREopp (.99, p < .0001), this analysis was not carried out with rNREopp.
Results
The mean performance for each TREIN error rate was significantly different between the CG and FASD groups for all measures that included NRE (rNRE, rNREopp, rALL, rALLopp), with FASD group means almost twice that of the control group for NRE. As can be seen in Table 1 , those measures that were based on pronominal errors were not significantly different despite being approximately 50% higher in the FASD group.
Consistent with previous studies (Thorne & Coggins, 2008a , 2008b , AUC greater than .70 was found for both measures on the basis of the rNRE (rNRE% and rNREopp%). The AUC for both measures that were based on the rPRE (rPRE% and rPREopp%) were below .70, indicating that PRE has less promise as a behavioral marker of underlying CNS abnormality in this age range. This is consistent with previous research on the TREIN. As can be seen in Table 1 , when performance was compared by gender, no significant differences were found for any TREIN measure. Age, however, was significantly correlated with performance for all TREIN measures in the control group but not in the FASD group. On the basis of visual inspection of the distribution of performance across the control group, this correlation appears to be driven largely by a decrease in the variation of scores as age increases, with younger children in the control group, particularly those 9 years and under having a wider range of variation than older children in the control group. Because of the correlation between age and performance in the control group, post hoc analyses of this impact are included later in this article as appropriate.
Hypothesis 2: The proportion of children in the FASD group who generate a narrative with an rNRE in the clinically impaired range will be equivalent to or greater than 50%. For the metric rNRE, the +2 SDs cut-point for impairment was rNRE > 3.25%. For the metric rNREopp, the +2 SDs cut-point for impairment was rNREopp >12.00%. For both metrics, the percentage of cases within the FASD group falling in the clinically impaired range was compared with a prediction of 50%. Of the 72 cases, 24 (33.33%) fell in the clinically impaired range for rNRE. A total of 18 cases (29.17%) fell in the clinically impaired range for rNREopp. Although a substantial fraction of children with FASD had elevated rates of both rNRE and rNREopp, these results were contrary to our hypothesis with proportions both below and significantly different from 50% (see Table 2 ).
Language impairment status. Of the 24 children with elevated rNRE, 14 had clinically identified language impairment, eight in the significant range. Of the 18 children with elevated rNREopp, 12 had clinically identified language impairment, seven in the significant range. Ten children who were not identified as having language impairment during their initial clinical visit had an elevated rNRE. Six children who were not identified as having language impairment during their initial clinical visit had an elevated rNREopp.
Post hoc analysis of Hypothesis 2, adjusting for age. The prediction that a proportion equivalent to 50% or more of children in our sample would be in the clinically impaired range was based on previous research that examined performance in a group of children approximately 9 to 12 years old (Thorne & Coggins, 2008a) . Given that all TREIN error measures correlated significantly with age in the control group (with younger children making more errors), and given that our sample included many children significantly younger than 9 years old, it is possible that results for the older children in our sample would be different from those for the whole group. For this reason, Hypothesis 2 was examined for a subset of the older children in our sample: those 9 to 12 years old. All children older than 12 or below the age of 9 were removed from the sample. The means and standard deviations for rNRE and rNREopp were recalculated with the remaining 34 children in the control group.
The resulting mean rNRE of 1.37%, with a standard deviation of 0.767, provided a new +2 SD cutoff score for rNRE of 2.90. The rNRE for the 45 children between the ages of 9 and 12 years from the FASD group were then compared with this cutoff. With 19 of these 45 children exceeding this cutoff, 42% would be considered in the clinically impaired range, a proportion below but not statistically different from the prediction of 50% in a sample this size (see Table 3 ). Results were similar when using the metric rNREopp, with 18 cases (40%) exceeding a +2 SD cutoff of 10.5% on the basis of a mean of 5.00% and standard deviation of 2.744. This is again below but not statistically different than 50% (see Table 3 ). These results suggest that the rNRE has more clinical potential for identifying significant CNS abnormality associated with prenatal alcohol exposure in older children.
Language impairment status. Only six of the older children with significantly elevated NRE (about one third using either metric) had language impairment identified at their initial clinical visit, whereas approximately two thirds did not.
Hypothesis 3: As severity of 4-Digit Code CNS rank increases in severity from Rank 1 (no concern for CNS abnormality) to Rank 4 (definite CNS abnormality), the proportion of children who generate a narrative with an rNRE in the clinically impaired range will increase for each rank.
On the basis of a chi-square test for trend, the proportion of children meeting criteria for impairment based on their rNRE (+2 SD rNRE) was significantly different Note. FASD = fetal alcohol spectrum disorders; CG = control group; rNRE = rate of nominal reference errors; opp = opportunity; CI = confidence interval. Note. Cutoff scores are based on control group (CG) participants aged 9 through 12 years (n = 34). FASD = fetal alcohol spectrum disorders; rNRE = rate of nominal reference errors; CI = confidence interval.
between categories defined by 4-Digit Code CNS rank (χ 2 trend: 24.057; p < .0001). There was a linear trend (see Figure 1 ) indicating increasing proportions of impairment in groups moving from CNS Rank 1 (5%) to CNS Rank 2 (27%) to CNS Rank 3 (31%) to CNS Rank 4 (53%). We found it interesting that the group with CNS Rank 4 (i.e., those with microcephaly) was nearly twice as likely to exhibit significant impairment on the basis of rNRE as the children with CNS Ranks 2 and 3. Two thirds of the 9-to 12-year-old children with a CNS Rank 4 had rNRE above the cut-point.
Hypothesis 4. As severity of diagnosis increases from typical development to neurobehavioral disorder to static encephalopathy to FAS, the proportion of children who generate a narrative with an rNRE in the clinically impaired range will increase.
On the basis of a chi-square test for trend, the proportion of children meeting criteria for impairment on the basis of elevated rNRE was significantly different between diagnostic categories (χ 2 trend: 22.939; p < .0001) with a linear trend (see Figure 2 ) indicating larger proportions in groups with more severe diagnoses moving from no concern for CNS abnormality (5%) to neurobehavioral disorder (28%) to static encephalopathy (36%) to FAS (57%). All children over the age of 9 years with FAS had rNRE above the cut-point.
Discussion
This research examined the potential for cohesive referencing errors made during narrative discourse to provide a behavioral marker of underlying risk of CNS abnormality in school-age children. A retrospective comparison was conducted between two groups: a clinical population consisting of children who had a previously diagnosed CNS abnormality found during an interdisciplinary diagnostic evaluation for suspected FASD (the FASD group, who served as a proxy for the larger population with CNS abnormality) and a group of children with no concerns related to their neurocognitive development, general behavior, or academic achievement (the CG children). It was predicted that the presence of a CNS abnormality would increase the likelihood that children would have difficulty maintaining cohesive referencing. It was certainly not expected that all children in the clinical group would demonstrate difficulty with cohesive referencing given the remarkable variability in their language performance, type and degree of CNS abnormality, and the severity of FASD diagnosis; however, given that more severely involved children are, by definition, affected across a wider range of functional domains, it was predicted that groups of children with more severe presentations would include higher proportions of children who had difficulty maintaining cohesive reference.
The accumulated evidence presented a clear association between a clinically significant elevation in the rNRE, a metric of cohesive referencing, and previously diagnosed CNS abnormality related to prenatal alcohol exposure. As predicted, the existence of a significantly elevated rNRE is more common in children in our FASD group than in their peers without FASD and that incidence increases predictably in association with more severe manifestation of the underlying FASD, whether that severity is based on CNS rank (Hypothesis 3) or diagnostic category (Hypothesis 4). Risk was particularly elevated for those with microcephaly (53% in the impaired range) or a diagnosis of FAS (57% in the impaired range). This relationship was most clearly apparent in older children, with almost half of the older children with FASD, two thirds of the older children with microcephaly, and all of the older children with FAS in our sample exhibiting significantly impaired cohesive referencing when compared with peers without concerns for CNS abnormality. The fact that a significant correlation between error rates and age was found in the control group but was not found in the FASD group suggests that the CNS abnormalities found in the latter may be preventing many of these children from following the expected developmental course related to these errors. It is important to note there was nearly twice the incidence of significantly elevated NRE rates in the group of children with microcephaly (i.e., those with direct evidence of underlying CNS abnormality) when compared with those who had significant functional impairments but no microcephaly.
During their original clinical visit, 28 children in the FASD group left their clinical appointment without a language impairment being identified, with another 21 identified as having only mild to moderate language impairment. The remaining 23 children in the FASD group (32%) were identified as having significant language impairment that could contribute to a diagnosis of static encephalopathy under the 4-Digit Code. Of the 28 children in the FASD group who left their clinical appointment without language impairment being identified, 10 (36%) exhibited elevated NRE rates that would indicate language impairment severe enough to potentially contribute to a diagnosis of static encephalopathy under the 4-Digit Code. In addition, of the 21 children in the FASD group who left their clinical appointment with a diagnosis of mild to moderate language impairment, six (29%) exhibited elevated NRE rates that would be considered severe enough to potentially contribute to a diagnosis of static encephalopathy under the 4-Digit Code. Our results indicate, therefore, that the addition of TREIN analysis to the clinical process with this group of children would have identified an additional 16 children with this more severe level of impairment, potentially improving capture of "significant impairment" from 32% to 54%. This is consistent with the substantial effect size seen for both NRE measures (AUC = .78), indicating important diagnostic potential.
In the children aged 9 to 12 years, 14 of 45 children in the FASD group (31%) were identified as having significant language impairment in their clinical visit. Inclusion of the TREIN would have captured an additional 15 children, improving capture of "significant impairment" from 31% to 64%. In this age group, including a tally of NRE as part of standard clinical practice would have more than doubled sensitivity to underlying CNS abnormality when compared with a standard assessment of language capacity. 
Conclusions
Clinical Utility
Speech-language pathologists have long recognized the need for information about the discourse-level integrative language abilities of children with language disorders. As members of interdisciplinary diagnostic teams, however, speech-language pathologists also play an important role in the diagnosis of a wide variety of other neurodevelopmental disorders, including FASD. The evidence presented here indicates that one discourse-level task has diagnostic utility for this purpose in that it may provide a behavioral marker of underlying CNS abnormality in many children with FASD whether or not they have a language disorder. Measuring the rNRE as defined by the TREIN during a simple story generation task has the potential to substantially increase sensitivity to underlying CNS abnormality in children with prenatal alcohol exposure. This was true whether NRE were quantified in terms of total words or referential opportunities. Both methods are easy to calculate, and although the rNRE (calculated on the basis of total words) slightly outperformed rNREopp (calculated based on referential opportunities), clinicians may find rNREopp easier to interpret for clinical purposes. Given the high correlation between these metrics (.99, p < .0001), the ease of interpretation may make rNREopp a more practical choice for future development and validation. As the narrative generation task used in this research allows for examination of other expressive language abilities in addition to cohesive referencing, it may be a highly efficient means for gathering evidence about the development of individuals seeking neurodevelopmental diagnoses more broadly.
Further Research
The current research is an early step in a program of research designed to understand the neurocognitive underpinnings of discourse-level integrative language capacities in school-aged children. Because this research was conducted using a retrospective sampling of existing data, we were not able to target specific hypotheses related to the connection between specific brain networks and cohesive referencing abilities in school-age children. Information related to the structural integrity of specific neural systems in the children with impaired cohesive referencing was unavailable. However, the strong relationship between increased risk for impaired cohesive referencing skills and increased risk of underlying CNS abnormality in children with FASD provides motivation to do prospective research of these skills that incorporates direct imaging of the relevant structures and their interconnectivity. Candidate structures would include the caudate nucleus of the basal ganglia and the frontal lobes, which appear to be particularly vulnerable to prenatal alcohol exposure (see e.g., Astley et al., 2009 ) and may have an important role to play in language functioning (see e.g., Alexander, 2006; Lee & Tomblin, 2012) . These structures are part of the diverse network of brain structures that support the cognitive control needed to respond to dynamic contexts such as narrative discourse (see e.g., Alexander, 2006; Casey, Tottenham, & Fossella, 2002; Cools, Ivry, & D'Esposito, 2006; Hikosaka & Isoda, 2010; Kerstin, Kraft, Kehrer, & Brandt, 2014; Monchi, Petrides, Strafella, Worsley, & Doyon, 2006; Teichmann, Dupoux, Kouider, & BachoudLevi, 2006) . If a more direct link between the structural impairment to this cognitive control network and impaired cohesive referencing can be made, this would provide an important step toward understanding the neurodevelopmental underpinning of integrative language capacities that support discourse functioning.
Along this line, it seems unlikely that impairments of cohesive referencing identified in this research are specific to children with FASD because the CNS abnormalities found in FASD are unlikely to be unique to those with prenatal alcohol exposure. The findings from this research, therefore, would also provide motivation to examine the clinical utility of the TREIN analysis for use with other populations, particularly those that share overlapping and contrasting symptom profiles to those found in FASD. Candidate populations would include individuals without prenatal alcohol exposure diagnosed with attention-deficit/ hyperactivity disorder, language disorders, auditory processing disorder, autism spectrum disorder, and intellectual disability.
A particular question that emerges from the results of this study is whether impairment of referential cohesion as captured by the TREIN reflects reduced "language capacity," making this a behavioral marker of a clinically important functional language impairment; or, alternatively, whether this impairment in cohesive referencing is instead a reflection of reduced capacity for social cognition (Bakopoulou & Dockrell, 2016; Coggins et al., 2007; Stevens, Dudek, Nash, Koren, & Rovet, 2015) and/or reduced cognitive control/executive functioning that manifests as reduced language performance during more complex, linguistically loaded tasks (Burden et al., 2011; Kingdon, Cardoso, & McGrath, 2015; Kodituwakku & Kodituwakku, 2014; Ye & Zhou, 2009) . Prospective research examining the relationship between referential cohesion as captured by the TREIN and language, social cognition, and executive control capacities in those with and without prenatal alcohol exposure could be used to help clarify these important issues.
Limitations
The CG used here was gathered from public schools in the community with median family incomes and sociodemographic characteristics similar across school districts and representative of the area (Coggins, 1995) . However, because details of race, income, and other socioeconomic variables were unavailable for the CG participants, no direct between-groups comparisons on these variables is possible. As is true of any clinically referred group, the clinical population from which the FASD group was pulled differs from the general population in the area in terms of income and other demographic variables (see Astley, 2010b) . This increases the chances of Type I errors in our results, with socioeconomic differences being an important alternative explanation for any contrast between the FASD group and CG participants. In addition, the lack of objective language and cognitive measures for the CG children increases the chances of Type I errors in the unlikely event that as a group their ability was significantly above average along the parameters of interest.
In contrast to the FASD group, the CG participants were not assessed by an interdisciplinary diagnostic team. However, in standard clinical practice, a socioeconomic, academic, and behavioral profile like that presented by the CG participants would not typically trigger a comprehensive team assessment. Thus, even though the CG participants did not undergo the same battery of cognitive, linguistic, and behavioral/social measures that the FASD participants completed, we believe that they nevertheless provide a reasonable basis for contrasting group performance in the context of this study-with the CG participants having a profile similar to most typically developing children attending public schools. It must be kept in mind that the lack of objective measures confirming that the CG children were indeed typically developing-and not subject to a prenatal alcohol exposure or unidentified language impairment-also increases the risk of Type II errors. The risk of both Type I and Type II errors resulting from our use of retrospective data enhance the need for the results of this initial research to be confirmed with prospective validation research.
